HCI researchers work within spaces of possibility for potential designs of technology. New methods (for example, user centrism); expected types of interaction (user with device); and potential applications (urban navigation) can extend the boundaries of these possibilities. However, structural and systemic factors can also foreclose them. A recent wide and shallow survey of over 116 individuals involved in technology development across 26 countries in sub-Saharan Africa reveals how factors of political economy significantly impact upon technological possibilities. Monopolies, international power dynamics, race, and access to capital open or constrain technological possibilities at least as much as device-centric or user-focused constraints do. Though their thrust may have been anticipated by reference to political economic trends, the structural constraints we found were underestimated by technologists even a decade ago. We discuss the implications for technology development in Africa and beyond.
INTRODUCTION
HCI researchers labor to generate new knowledge. Much of this work is conducted with the implicit or explicit expectation their research might inform the design of future systems, or expand the space of technical possibilities. Branches of the CHI community look to influence industry [7, 24] , activists [19, 21] , cultural applications [27, 43] , or development projects [30, 38] , among other areas, and recently much attention has been focused on maker and hacker spaces [5, 28] as sites for the democratization of technology and its application.
This expectation of influencing future systems is immanent in much HCI work but it is also often unarticulated, with "very little direct guidance in the HCI literature for how to envision a future or, more importantly, forecast multiple futures and critique implications for creating technologies that will be relevant a decade or more from now" [29] .
In this paper, we seek to demonstrate the importance to prediction of researching usability within a broader, ecosystems approach, which may also concern itself with such factors as history, political economy, race, class, or infrastructural constraints, among others.
We begin by revisiting an ICT-/HCI-/M-4D debate that did not adequately take into account broader ecosystems. The debate, which took place in the context of sub-Saharan Africa around 2006-2010, revolved around whether technologists should concentrate on more available telephony standards of SMS/USSD, or rather develop for the internet, which was growing in popularity. While our example is anchored in HCI4D, it is not primarily concerned with technology for development but rather with contrasting perspectives of usability versus ecosystem. Later, we describe our recent survey of current ecosystems in the region, and how they help to determine what technologies have become possible. Finally, we contextualize this within larger political economic trends and considerations.
ICT POSSIBILITIES IN THE FIRST DECADE OF THE TWENTY-FIRST CENTURY
Around 2006-2010, technologists and analysts debated the best way to deploy information and communications technology (ICT) in Africa [1, 12, 44] . ICT was "an attractive element of any strategy to meet development challenges," because "It can be tailored to meet a variety of diverse challenges and need not be 'purpose built. ' The same network, server, and peripheral devices (such as PCs or cell phones) can help support distance education and remote health delivery and connect rural communities to global markets" [45] .
A co-founder of iHub (the first and most famous African hub, in Nairobi) posed the central question in 2009 as: "should [we] be providing internet protocol (IP) services first, rather than SMS [?] If cost is the single most important factor for any mobile service aimed at ordinary Africans, then what will it take to move the ball from the SMS court to the IP court?" [12] .
The arguments for SMS included that it was ubiquitous and available for anyone with a phone. The arguments against it included the limitations of 160 characters and the "richer experiences" available on the open internet, which might "remove barriers to information often faced by resourceconstrained users" [11] .
HCI researchers at the time typically focused primarily on questions of usability, whether of SMS/USSD or internet platforms. For example, researchers prioritizing internet access wrote, "we need to understand and design for mobileonly access; otherwise many will remain excluded from the internet for the most trivial of reasons" [16] . While usability was considered a major constraint, the accompanying assumption was that the internet for users would resemble the internet researchers had access to at that time. As we will see, the internet that is accessible in Africa is increasingly different from the open and neutral internet most technologists envisioned in 2010.
Of studies from this period, one survey of 'mobile for development' (M4D) projects, while focusing mostly on usability [11] , did presciently put its finger on another key analytical question: "What does the project require from [telephony] manufacturers or operators?" This necessary, dependent relationship with telcos remains a major determinant of what has become possible in the ensuing decade. While the 2008 survey did more than most to anticipate infrastructural concerns, it nonetheless underestimated how politics may also intervene. For example, it describes the Zimbabwean Freedom Fone project as working "with all phones with voice and SMS as the lowest-common denominator," and as not requiring "operator cooperation." From the user/device standpoint that may have appeared true, but that very project was later blocked by mobile operators after coming under pressure from the government [53] .
IT TAKES AN ECOSYSTEM
The user/device/service emphasis that informs many HCI discussions of technology can miss "essential aspects of aesthetics, justice, and change," and contrasts with infrastructural approaches that may yield a "more ecological understanding" [46] . Users and their devices exist within a broader ecosystem of services, networks, and infrastructure, which codetermine technological possibilities: a political economy of technology and its development.
The 2006-2010 debate on the best way to approach ICT4D in sub-Saharan Africa remains unsettled. Internet has spread dramatically if unevenly throughout the African continent. Cost, lack of relevance, literacy challenges, limited electrical grids, poor rural telecommunications service, and other issues (including usability) have led to much lower usage rates than perhaps expected, especially outside urban areas.
Meanwhile a number of SMS and USSD applications have had success [9, 20, 47] ; while they are by no means ubiquitous, they have high rates of access and interaction among the general population, and they have spread more equitably than internet-based systems. By way of example: Mobile payment systems using USSD, such as M-Pesa or mobile operator credit top-ups, have seen massive adoption. The USSD-based Ugandan Birth Registry [61] has facilitated birth certificates for over three million newborns since its launch in 2011. SMS and USSD based MomConnect registered 700,000 users in South Africa in 2014, its first year of operation [62] . UNICEF's SMS-based U-Report has been launched in 21 African countries, with over 4.6 million registered users worldwide.
The spread of SMS and USSD systems has nonetheless been heavily constrained by the difficulty of launching and maintaining systems that depend upon mobile operators. Indeed, a majority of successful programs are launched by development organizations with the cooperation of the national government. It is difficult to understate the importance of these types of organizations on the continent, "formidable institutions that are [also] 'governing' Africa from afar: the transnational financial institutions (World Bank, IMF, foreign banks) and development agencies (USAID, UNDP, UNHCR, etc.), as well as the churches, missions, and so-called non-governmental organizations" [13] .
This sort of 'development' is a major industry in many parts of Africa: direct aid is 5% of the GDP in Uganda, accounting for as much as 42% of the government budget in 2006 [63, 64] . It is often viewed with ambivalence: one Nigerian angel investor based in London we interviewed told us, "The aid industry is too big to fail, and the biggest benefactors are the grantors and trusts, because for every $10k granted there is an apparent $40k lurking in the woodlands. The industry exists for white people to create jobs for themselves and perpetuate the trade." Irrespective of merit, the development industry is an inescapable part of local technology sector ecosystems, setting tacit priorities and determining narratives within local tech communities-and internationally in fields like ICT4D and M4D. The advantages of working with these agencies, often in tandem with national governments, in order to deploy accessible ICT services imbricates much local innovation into an international development narrative that is largely set in the West.
Moving past development aid, the goal for most regions is also to have an ecosystem of local technologists developing local services, with some insight into local opportunities and risks. Local funders would help technologists to scale and distribute their work. These technology activities have always existed, though they often get little mention. " [W] hat has been lacking in the development discussion regarding Africa is a view that recasts Africa as a variegated site of innovation (not humanitarian desperation)" [32] . However, until recently, African nations have not been generally recognized as hotbeds of ICT innovation, and local institutions like universities and the finance industry have not been seen as capable of providing adequate launchpads for tech startups.
Over the last decade, that perception has been changing. There are now over 200 'tech hubs' across the continent. Hubs are seen as a crucible for new technologies-primarily apps-that would be locally and socially relevant. Attention to tech financing has been growing, startups launching, and products making it to market, generally centered on a few regions dubbed with recognizable monikers like Silicon Savannah, Silicon Cape, or Silicon Lagoon.
SURVEY ON SOCIAL TECHNOLOGY ECOSYSTEMS
We will now present the findings of a commissioned survey we conducted for three U.K. foundations on the ecosystems of 'social technology' -systems designed for social good applications -in sub-Saharan Africa. In the pages that follow, we paint a 'broad brush' picture of the ecosystems for technology innovation in sub-Saharan Africa, highlighting those ecosystem characteristics we found 1) to set the parameters of technology possibility and 2) to be present in multiple national contexts. These include the arrival and spread of tech hubs; interactions with Silicon Valley models of innovation; the outsize influence of telcos; the advent of social media bundles and absence of net neutrality; and implicit bias against Africans and racism in funding. Each of these ecosystem elements enclosed or expanded the 'space of possibilities' for technologists in significant ways.
Our concentration in the survey on social good was part of the commission, but aligned with our team's experiences as activist technologists. A recent United Nations (UN) report describes the need for reorienting technology development toward more socially inclusive systems, as while contemporary technologies help us individually, they appear to be increasing inequality and poverty in many parts of the world: Dominant innovation trajectories fail to include significant numbers of people from the benefits of social and technical change, and these are disproportionately poorer and more socially disadvantaged groups, including rural inhabitants and women… [There is a need to] re-orientate and redirect innovation trajectories in ways that enable more inclusive, socially just and environmentally benign patterns of socioeconomic development [59] .
Social technology is not limited to Africa or the Global South; this reorientation is necessary everywhere. Examples of social technology include anti-corruption systems for citizens to report bribes; communications platforms for refugees on the move; and systems that help farmers to plan the right crop. Our survey was primarily focused on ICTs, though many of its findings may apply more broadly. It also tended to focus on accessible systems for which the user is the ultimate beneficiary, as opposed to institutional systems for professionals or organizations.
Method
Our survey was synthesized through a combination of desk research, participant observation, and semi-structured interviews. Our team of eight interviewers and researchers, anchored in a technical research center in Portugal, included social technology founders, academics, a telecommunications engineer, and a technology journalist. The team was equal by gender, with three of the team from Africa, two from North America, and the remaining three from Europe. Interviews were conducted both live in Africa and via telecommunications, and took place from December 2016 until May 2017.
From our initial desk research, we built lists of dozens of potential interview subjects involved in social tech ecosystems in sub-Saharan Africa. These subjects were contacted via email, LinkedIn, or phone, with initial higher response rates in some (mostly anglophone) countries than others. During these interviews, we solicited further nominations, and proactively sought interviews with members of the ecosystems who proved harder to reach, such as investors and regulators. Altogether, we conducted 116 interviews from 29 countries in French, English, and Portuguese. 38 subjects were female, 78 male. More interviews were conducted in countries with strong tech ecosystems, like Kenya and Nigeria. Countries like Mozambique with less robust ecosystems had lower response rates, and lusophone and francophone interviewees generally described lower activity, looking to anglophone countries for inspiration. With regard to theoretical orientation, we draw inspiration from several contemporary postcolonial Africanist scholars to guide our exploration of political economics in subSaharan African technology innovation. We are concerned not just with broad power dynamics between the West and sub-Saharan Africa but also how these extend to and mix with local interactions between tech entrepreneurs and investors, technologists and telcos, users and their communities, governments and citizens. Our thinking has been especially stimulated by observations that Africa is increasingly a site where "the practical workings of neoliberalism have been tried and tested [...]-thence to be exported to Euro-America" [8] .
Finally, though sub-Saharan Africa is home to about 900 million people in the more than 45 states in, with over 1500 languages between them, "we can meaningfully speak about Africa. We can do this without needing definitively to establish an African 'essence', a differentia specifica, that renders the continent a single entity" [18] . Both within and without the continent, for example, Africa is a market, a trading zone, a union, and its countries are subject to significant and ongoing international (sometimes consensual) pressure, ranging from missionary organizations to the World Bank and the IMF, often under the continental moniker, e.g. "African hubs." It is also important to note here that Africa has a millennia-long history of global entanglement, whose processes have only accelerated. Let us now describe some hallmarks of social tech ecosystems in this region
Hubs
The last ten years of technology culture in sub-Saharan Africa might well be called 'the decade of the hub.' No other African technology entity has so successfully captured the imagination, either locally or in the international press, nor 1 Hubs whose personnel we interviewed include Bongo Hive in Zambia, iHub in Kenya, Hive Colab in Uganda, M-Hub in seen such a concerted push from powerful organizations like the World Bank. By 2016, there were 155 hubs in subSaharan Africa, according to the Bank [58] , and some estimate the number to be over 200 at this point 1 .
In 2014, researcher Nicolas Friederici reported from a working group that sought to define some of the common characteristics of hubs they had studied in Africa, Asia, and Europe [14] . According to Friederici, hubs are:
• Communal -a shared working environment • Self-organizing and adaptive -driven bottom-up by the needs of innovators and entrepreneurs • Innovating, enabling innovators -a service entity enables the creation of other enterprises • Melting pots for heterogeneous knowledgewelcoming practitioners from tech, business, design etc.
• Local outposts of a higher cause -promoting Silicon Valley (or other international) techniques
While these hubs have been hailed for demonstrating lower failure rates than U.S. startups after which they are largely modeled [23] , the absence of failure should not automatically imply success. There has been a burst of funding for tech hubs that largely keeps them from closing shop, even while being tasked with creating a particular type of tech ecosystem de novo, a task so great that success is elusive. Their existence in the middle of strong forces and expectations perhaps explains the pressure on hubs we heard about repeatedly. As the 're-pat' co-founder and CEO of one of Ghana's most active independent tech hubs described it: "It's like we're the bank, school, parent, brother, and psychologist. We've had a couple of [staff] people suffer from mental health issues because of the stress."
While hubs may aspire to, and have much in common with the startup culture cultivated in Silicon Valley, the expectations for each are different. Startups in Silicon Valley are innovating for a rich ecosystem with 'thick' public investment, often 'hacking' around established systems and infrastructure to provide services for a sub-economy. For example, Uber allows for cheaper and more convenient access to taxi services in part through bypassing government and incumbent structures. In Africa, though, the cost and technology requirements of using ICT services are accessible mostly to the affluent, and labor is cheap, so it would be difficult to develop an Uber-like service that would offer cheaper or more convenient alternatives. Innovation for the masses pushes hubs and their young entrepreneurs toward areas such as health, agriculture, and financial technologyareas that have no clear models from Silicon Valley, and where prior public investment has generally been much lower.
Malawi, Kianda Hub in Angola, ActivSpaces in Cameroon, Hypercube in Zimbabwe, CITIC in Senegal and others. Interviews revealed that the greatest similarity between hubs is in their core aspiration: all sought to promote business and enterprise formation, usually around technology. From this starting point many paths diverge: hubs vary significantly in how they choose their mandate and seek to achieve their goals.
As important as hubs have become, it is critical to recognize that no single type of institution can provide an ecosystem for technology development [35] . This survey found that where hubs have led to the creation of successful projects, it was generally because other aspects of the ecosystem were working well. Where enterprises generated by hubs have been less successful, this was often because their progress was obstructed by the weakness of a key ecosystem enabler, for example, regulation, trained labor, or technical infrastructure. This echoes the broader thesis of the World Bank Digital Dividends [56] report, which concluded that "the full benefits of the information and communications transformation will not be realized unless countries continue to improve their business environment, invest in people's education and health, and promote good governance."
A key characteristic of hubs in sub-Saharan Africa is that they have generally been very consciously introduced and embraced as embassies of Silicon Valley entrepreneurial culture [4] . A hub might offer training in 'lean startup' approaches to business and tech enthusiasts; their design often seeks to imitate the fun and designerly offices of tech 'unicorns' like Facebook and Google, with bright colors, foosball tables, and beanbag chairs. The combination of technique, aesthetics, and worldview most hubs seek to promote is, to put it simply, an ideology. For proponents like the World Bank, the hope is that this enculturation will create a more mobile and internationalized workforce that can better interface with global trends.
LEARNING THE WRONG LESSONS
Two obvious problems arise from this approach. First, the right way to innovate technology in Silicon Valley is not necessarily the right way to do so in the Rift Valley. Teams working in hubs often learn the wrong lesson; perhaps the most significant waste of innovation energy has been the concentration on smartphone apps since the introduction of the iPhone a decade ago. Hubs have spawned successive waves of poorly-adapted pitches for smartphone apps in countries where habits and access to smartphones and data are completely different from American or European markets. These waves have crashed against the rocks of market realities.
A local business culture outside a hub may be quite different from the one forged inside. This disjuncture between Silicon Valley and local culture and conditions means that work in hubs has often conflated the aspirational with the delusional, for example by training young people for the wrong ecosystem and opportunities.
As one Nigerian tech executive now in the U.K. put it: 'Hubs are making promises they can't keep'. A U.K.-based scholar of media and communications cultures in southern Africa described her concern that hubs in Zambia "are giving young people too much hope, and maybe the wrong kind of hope.…the truth is there is a dearth of other opportunities." These observers worry that the structural impediments to succeeding are not being highlighted nearly as much as success stories from other ecosystems which may be unreproducible.
One [22] . But while this problem affects all of Kampala's residents equally, SafeBoda's appbased approach, borrowed from Uber, is unlikely to attract many customers save development workers or those from very elite backgrounds.
Most boda riders have few other transport options to make critical appointments, and ride of necessity. The ability to pay for traffic safety, like the ability to run a smartphone with a full internet data package-not to mention the taste for cappuccino-all correlate with disposable income. But perhaps more importantly, while using SafeBoda may improve road safety for the elite who can afford it, the innovation does little to improve safety in general. A similar investment in ICT for traffic police, infrastructure, public campaigns, or an ICT transport service with different affordances and values would bring more equitable benefits.
SafeBoda and similar bourgeoi-apps follow the dominant innovation trajectory described earlier, failing to include significant numbers of people in the benefits of technological change. From the perspective of the user/device/service these technologies appear to provide a good, but viewed in a greater ecosystem, they primarily provide individual advantage. They are selfish rather than civic.
We are not arguing that there is an onus on every tech product in Africa to concentrate on users at the bottom of the economic pyramid, nor trying to vilify this particular and not unusual startup. 
Telcos & Platforms
The second ecosystem element we found impacting upon the space of possibilities for African tech innovation was the internet, and more recently mobile telephony. The dynamics of availability vary in sub-Saharan Africa [17] , but the internet has, since its popular spread since the early twentyfirst century, been less available to rural users, women, and those at the bottom of the pyramid. Smartphone availability has indeed gone up [17] , but large differences between rural and urban users, literacy issues, and prohibitively expensive data mean that few users outside the urban wealthy use smartphones with internet 'always on' [52] . The applicability of SMS and USSD has not declined significantly in rural areas throughout most of the continent, or for the urban poor. The hypothesis that internet access would eventually approach accessibility has proven invalid. However, two other aspects of network and telco availability further complicate possibilities: the difficulty of scaling novel technologies with SMS and USSD, and the rise of 'social bundles' (which we cover later). Both systems are used extensively, but it is typically the telcos, development agencies, and large businesses that have access to these technologies, in contrast to apps or other software with more egalitarian possibilities for development and distribution. A service using USSD or SMS at scale typically requires direct collaboration with a user's telecommunications carrier; third party aggregators also exist but they add considerable expense, so using them is usually uncompetitive [31] .
Telco partnerships are difficult, however-an issue that is rarely addressed fully in research pilots [2, 6, 25, 26, 36, 37, 40, 41, 48, 49] . In fact only two or three of our dozens of interviewees reported positive stories about relationships between telcos and social technology startup initiatives.
Our survey yielded stories of hubs taken over by telcos; telcos offering free internet to hubs in exchange for all IP generated in the hub; one interviewee gave an example of a telco-sponsored hackathon where the telco launched an identical project to the prizewinners a few months later. As one tech hub executive based in Ghana put it:
The telcos are a bit like charlatans. They do their own competitions, and if you win, you cede all intellectual property rights in your idea over to them. Also, the app can only be made available on their platform. Another example: I had to walk away from a £180,000 deal with [telco name] to provide [hub name] with free internet because they wanted subsequent rights to everything that came out of the hub.
Most of the people we spoke with described telcos running roughshod over entrepreneurs and creating their own terms of engagement. As one social tech innovator specializing in agricultural services in Kenya and beyond put it: "No telco wants an outside company or partners to be big; they want to own everything." And because of their power, telcos can and do consistently try to own everything.
A venture capitalist in Kenya explained that partnering with a telco -which is generally necessary to scale a projectmeans sharing revenue with them at ratios of 70/30 or 80/20 in the telco's favor: "This doesn't make for a very sustainable financial ecosystem especially for services aimed at those with little or no money." This has led local investors to suggest avoiding startups that rely on partnering with a telco in order to scale: "I would be very hesitant to invest in a fintech company that had to integrate with [a telco] as their primary distribution channel" [31] .
The Kenyan social tech founder working in agriculture we interviewed received development funding at key stages in her initiative and has created a successful SMS-based system. Nonetheless, her relationship with her partnering telco has been complicated: "[A]t first we wanted to be '[mobile] network agnostic'. But no one wanted to partner with us. In the end, we entered into an exclusive partnership with [the largest telco], who took on marketing for us." The successful partnership has not, however, been enough for the telco. In a move similar to others that were described by many sources in other situations and countries, the telco recently launched a nearly identical service. The innovator isn't too concerned: "They don't have the agricultural knowledge or community ties; we're just sitting back and waiting to watch them fail…"
The telco barrier to sustainable SMS and USSD innovation is nearly impermeable to local innovators.
Social bundles 'WTF'
In recent years telcos have negotiated with the top Californian platforms to offer significantly less expensive, prepaid 'social bundles,' which allow mobile phone subscribers cheaper access to WhatsApp, Twitter, and Facebook (marketed as 'WTF bundles'), or other combinations of social media, than to the open internet [15] . The bundles give users access to the most popular social media, but block the rest of the internet or give a warning and charge much more for external links. Many users think of Facebook and WhatsApp almost interchangeably with the internet. As one digital activist in Zimbabwe estimated, "70% of internet usage is WhatsApp. A lot of people think WhatsApp is the internet."
From the perspective of an innovator, mobile (or tethered) software that requires access to a server will be inaccessible for a user on one of these bundles. One Egyptian fintech cofounder working in Uganda expressed his frustration with being forced to use Facebook rather than open internet standards: "You're competing inside a system that has been gamed! Everybody is being forced, pushed to build bots and services for the Facebook messenger platform. It's like being forced to abet corruption." He noted that Facebook makes arbitrary changes to its interface and APIs, and discontinues functionalities that companies and community-based organizations build their work around.
We have demonstrated how, given the current trajectories for both low (SMS and USSD) and high (internet) bandwidth data, local technologists in sub-Saharan Africa are unable to launch a sustainable new system or product without either having to enter a difficult or impossible relationship with a telco, or using a proprietary and limiting platform. Systems that have been proposed in CHI and alternative arenas based on these technologies [3, 6, 25, 26, 36, 37, 40, 41, 48, 49] carry, in most of sub-Saharan Africa, an implementation burden to release or maintain at scale that often eclipses usability constraints. The debate from the first decade of this century about whether SMS or IP would be more empowering has no winner: both approaches are accessible primarily to the most powerful actors.
Technology funding
Our interviews surfaced another major impediment to technical possibilities for local innovators: capitalization. We heard similar stories across countries of the difficulty of securing financing for technology initiatives, and occasional remarks about race. Our interviews revealed the mismatches between the goal of a Silicon Valley style capitalization and local conditions.
One major Paris-based impact investor active across West Africa described their hesitation to fund technology, as models for adoption and growth are often less clear than for conventional businesses. Other investors spoke about investments in real estate, the music business, or structural debt as more predictably profitable. In relatively active local investment markets like Nigeria and East Africa, local funding exists but at rates that would be considered extortionary in Silicon Valley. Local banks are not geared toward supporting entrepreneurs in any of the countries where interviews were conducted. High interest rates, inflexible repayment schedules, demands for rapid repayment and demands for 150-200% collateral were typical. As a small loan fund manager offering 'patient capital' via an accelerator in Rwanda said, "Time and again I've seen good SMEs being given terrible terms by the banks, terms that required payment too soon, and then the banks just came and took all their collateral. I've seen very good business ideas fail in this way." Social technology entrepreneurs are generally not in a position to put forward collateral, let alone at such high rates. As a hub co-founder in Ghana highlighted, "No banks will give loans to startups, because you can't get a loan without collateral."
Foreign funding is increasing; in East Africa 80% of disclosed investment in 2015-2016 was from outside Africa [31] . Local initiatives, however, often seem illegible to foreign capital. A UK-based Nigerian technology executive explained that there is "an increasing demand internationally ... [foreign investors] are beginning to take Africa very seriously, but then they don't have a process to do due diligence on the startups they want to invest in. People are struggling to find who to collaborate with locally to make these things happen."
If this foreign finance does come-either through commercial capital or development funding-one last filter prevents many possibilities. This is the racial aspect of such funding, which has major implications for what systems may be built and by whom.
A recent report by Village Capital notes that "In East Africa, where the majority of early stage investors are foreign, investors tend to rely even more on in-group bias. Ninety percent of disclosed investments in 2015 and 2016 went to startups with one or more European or North American founder." It goes on to point out that "In 2015, 75% of the funding in Kenya was provided to only two startups (Angaza and M-Kopa), and 98% of the funding in Tanzania went to just one company (Off Grid Electric)." All of these companies have foreign, all-white founders [31] .
This report is notable in its careful exploration of why local black African entrepreneurs are passed over; it coins the gentle term "pattern recognition" to describe a combination of racism, classism, and other forms of implicit bias. Regardless, it is clear that the benefits of foreign tech funding to the tech ecosystem are offset significantly by its tremendous Western bias. Rather than a chance for local economic empowerment and technological democratization, technology development is becoming a stage for Western actors to make profits. As a former PS Minister of ICT for an East African country concluded, "When people think of [technology] investors, they think of foreigners. We need to decolonize."
DISCUSSION
While this paper has focused on many of the systemic challenges that act as constraints upon technology innovation in sub-Saharan Africa, it is not meant to be a negative portrayal of the potential for African tech development. As can be seen in the examples of hubs, finance, and the policies of telcos, it is exceedingly difficult for a local technologist in Africa to move an idea to users.
The innovators we interviewed were thoughtful and inspired, and informed us of the many challenges and contradictions in the ecosystem. It is worth noting that while many of our interviewees were aware of these hindrances, their focus was not on addressing hindrances per se, but rather designing solutions and finding support to circumvent themimprovisation colloquially known in Southern Africa as 'making a plan,' in francophone countries as 'Système D,' in Swahili as 'Jua Kali,' and in South Asia as 'Jugaad' [39] . This adds extra steps to their already challenging paths, but at the same time hones a form of creativity that could well be a wellspring for global innovation.
The historian of technology Clapperton Mavhunga warns against authors who "have nothing to write about Africa that resides in the domain of technology and innovation except how the technological innovations of others have victimized them. That, or how Africans are 'reacting' to incoming technologies, or how such technologies are impacting them, is all they write about" [34] .
In this section we wish to complicate our portrayal of negative conditions in the African social tech ecosystem with reference to postcolonial writing on Africa, technology, and globalism. Despite systemic forces foreclosing possibilities, the technologists we spoke with in our interviews have a great deal of agency. Indeed, Africa is home to many diverse creative technical cultures and approaches to innovation, influenced but not defeated by globalism.
Finally, we will recount how many observers of Africa have pointed out that it is not, as is often constructed, the 'last frontier' for technology and modernism but rather a bellwether for the planet, a site of such neoliberal excess that designers and technologists everywhere should be watching it carefully.
Systemic forces and Agency
It is easy to find enormous pressures imposed upon African governments and systems from forces outside the continent. 500 years of war by Europe on Africa, called slavery, followed by direct and indirect colonialism, hot proxies of the Cold War, the mortifying 'structural adjustments' of the 1990s, and now the neocolonialism of hubs and race-based financing all point to a continent that receives too much of the wrong attention. At the same time, African citizens are not passive in these processes, nor are the technologists we interviewed. This, I suggest, is how the North became a weapon of the South… There were moments in such encounters when countries of the North projected themselves as 'superpowers' fighting a Cold War. Meanwhile, in the eyes of Africans, they were merely sources of guns, military training, and communist ideology -tools with which to liberate power for themselves…
One might see the guerrilla as a boundary object, a kind of weaponized body at the intersection of two designers (his own organization and the communist countries training him), a vehicle through which those two designers used each other [33] .
Such a case of 'two designers' is probably at play in the spread of hubs and the appeal of Silicon Valley style innovation. In many instances, our interviews suggested that hubs were seen as a key to employment, more open for women and girls than the local Computer Science department, and a way to bypass conservative education.
Globalization and summoning
Mavhunga also describes how many misread Africa as a space of 'impact' for technologies, rather than a continent filled with active participants in their use and framing:
This behavior of incoming things in local hands does not necessarily represent the far-reaching tentacles of globalization; in fact, it also involves Africans themselves initiating the movements... they are actively constructing transnational networks through their own mobilities in the world --or those of their goods... It is within this global engagement that Africa has provincialized or tamed not just the cell phone and, more recently, revolutionized its applications [34] .
Perhaps the clearest example of the revolutionized applications of the mobile phone that Mavhunga refers to would be M-Pesa, the massive over-the-phone payment system that is regularly touted as an example of Africa's digital renaissance. Cited as a product of the Kenyan telco Safaricom, M-Pesa is in fact a complicated amalgam of transnational production. It was a product of UK-based Vodacom, funded by UK's DFID, developed in the UK by a solutions company, and then rolled out in Kenya with monopoly privileges for many years. M-Pesa routed 28bn USD in 2015 alone annually [60] .
While M-Pesa was not built in Africa, it is built on the practice that was common throughout the continent: users transferring phone credit. User A would purchase credits, then use a telco-provided USSD service to transfer these credits to another subscriber, User B, who could then resell the credits in exchange for cash to others (User C) in their community. As novelist Binyavanga Wainaina wrote in 2007, the year of M-Pesa's launch, "Now there is a pilot project in Kenya, the first in the world, to transfer money, Western Union style, to anybody with a cellphone. It is exciting, yes, but then people have been sending money to each other in Kenya for years. Send minutes to someone, and they can resell them for cash" [50] .
In this case, Mavhunga's thesis exactly describes how African user innovation of informal cashless transfer techniques inspired the UK production of M-Pesa, in order to in turn capture these users.
We have yet to see the longterm implications of the financialization of so many citizens of the continent, or the large-scale extraction of wealth into Vodacom's hands of what used to be distributed informal commerce.
Whence goes Africa
Some HCI readers might doubt the relevance of Maoist liberation fighters to their work. Africa is often portrayed as "remote, exceptional and characterized as lacking to some degree or other the proper properties held by the 'international community' or 'globalization'" [18] . We will now attempt to demonstrate how the survey described in this paper might be relevant beyond the scope of one continent.
We have shown that debates around ICT possibilities from the late 2000s failed to anticipate some of the most serious factors bounding possibilities in the late 2010s. This in itself is not surprising; indeed, it would be far more surprising if the debates had successfully predicted the next decade. What is of note is that many of the factors are defined by themesunequal globalization, multinational extraction and corporate capture, monopolies or oligopolies, transnational capital and racism-that are not only part and parcel of neocolonialism but consistent features of neoliberalism as well.
Most discussions of the variable future of technology from the late 2000s did not tend to cover these issues. Indeed, the dialogs tended to imagine more unrestricted freedoms and increased capabilities arising from both mobile networks and the internet, or even anticipated that competition between SMS and TCP/IP would primarily yield benefits for consumers [12] . No one can fault observers for failing to grasp the specifics of the technological future, yet it does seem clear that the history of Africa, and its relationship to globalism and extraction, should have informed some of the speculation. As anthropologists [8] summarize:
In recent decades, capital, with its stress on flexibility, liquidity, and deregulation, has yet again found untapped bounty in former colonies, where postcolonial states, anxious to garner disposable income and often in desperate need of 'hard' foreign currency, have opened themselves up to business; specifically, to corporations that have little compunction in pressuring ruling regimes to offer them tax incentives, to relax environmental controls, to remove wage restrictions and worker protections, to limit liability and discourage union activities, even to allow them to enclave themselves-in short, to bow to the tenets of laissezfaire at their most extreme, their most sovereign [8] .
It is then easy to see that, in this neoliberal game park, large social media companies would of course move to create WTF bundles with local African telcos to extend their monopolies. And that those telcos would move to quash incipient competition. "Africa is extreme not exceptional: it manifests the most radical instances of a generic aspect of contemporary globalization -that is, neoliberal reform." [18] . Ten years ago, tech innovators should have been able to recognize that in addition to ensuring usability, they would also do well to decentralize, avoid corporate capture, and embrace other techniques to ensure their ICTs provided users more and lasting capabilities and freedoms.
The Comaroffs among others have noted that Africa, rather than being 'undeveloped' and behind, may actually be an indicator of global trends, the effects of which may take longer to detect in the West. "What if it is the global south... that affords privileged insight into the workings of the world at large? … It is the south that often is the first to feel the effects of world-historical forces, the south in which radically new assemblages of capital and labor are taking shape, thus to prefigure the future of the global north" [8] . Indeed, while this paper was in review the USA Federal Communications Commission voted to end 'net neutrality' provisions.
African trade has always been an important part of globalization and technology, from the sugar triangle and the slave trade that settled the new world and built European capitals, to the rubber tires of the first automobiles and the ivory keys of jazz pianos. "Africa and globalization are coproduced" [18] .
We can, then, learn from the fact that technologists were having a debate ten years ago, mostly about usability, that failed to anticipate key ways in which technical possibilities would be foreclosed. By failing to consider historic, macroeconomic, and social trends, they assumed that technology would inevitably create new opportunities and freedoms. It has, but at the same time utterly predictable forces of monopoly capture and neoliberal financialization constrained possibilities in ways that were a direct, imaginable vector from the past, but nonetheless largely undiscussed. These constraints lock all but the most powerful actors out of the distribution of new technologies. This capture is not unique to the African context, and has many implications for the design, analysis, and prediction of new systems.
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